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(54) METHOD OF MANUFACTURING CUTTING-EDGE STRUCTURES

(57) A novel cutting-edge structure and method and
apparatus for manufacturing the cutting-edge structure
is provided. The cutting-edge structure is comprised of
naturally derived or renewable material at greater than
50% by volume fraction. In one embodiment, the naturally
derived material is a cellulose nanostructure such as a
cellulose nanocrystal. The cellulose nanocrystal is proc-
essed using a base or mold structure to provide a cutting

edge of any shape such as linear or circular edge struc-
tures. The process includes dual cure steps to produce
an optimal cutting-edge structure without shrinkage. The
formed cutting-edge structure can be utilized as a razor
blade as it is formed with very sharp tip and edge suitable
for cutting hair. The base structure can form one or more
cutting-edge structures simultaneously.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to shaving razors and
methods of manufacturing cutting-edge structures, and
more particularly to manufacturing cutting-edge struc-
tures such as shaving razor blades from naturally de-
rived, renewable, or biodegradable materials.

BACKGROUND OF THE INVENTION

[0002] Razor blades are typically formed of a suitable
metallic sheet material such as stainless steel, which is
slit to a desired width and heat-treated to harden the met-
al. The hardening operation utilizes a high temperature
furnace, where the metal may be exposed to tempera-
tures greater than about 1000°C for up to about 20 sec-
onds, followed by quenching, whereby the metal is rap-
idly cooled to obtain certain desired material properties.
[0003] After hardening, a cutting-edge is formed gen-
erally by grinding the blade. The steel razor blades are
mechanically sharpened to yield cutting-edges that are
sharp and strong to cut through hair over an extended
period of time. The continuous grinding process generally
limits blade shapes to have straight edges with a sub-
stantially triangular or wedge-shaped profile (e.g., cross
section). The cutting-edge wedge-shaped configuration
typically has an ultimate tip with a radius less than about
1000 Ångstroms.
[0004] The advantage of this prior art method is that it
is a proven, economical process for making blades in
high volume at high speed. It would be particularly desir-
able if such a process could utilize lower cost materials
for blade formation and also enable other cutting-edge
profiles.
[0005] Blades with cutting-edges made from a poly-
meric material are disclosed for disposable cutlery or dis-
posable surgical scalpels (e.g., US Patent No. 6,044,566,
US Patent No. 5,782,852). Razor blades made from pol-
ymeric material are disclosed in GB2310819A, and
US20470001325A1. The disadvantages of the prior art
relating to polymer blades include difficulty in obtaining
desired mechanical properties in conventional polymeric
material and that the polymeric blades are not comprised
of materials that are substantially derived from or com-
prised of, naturally derived, renewable or biodegradable
sources or materials.
[0006] Consumers, industry, and government are in-
creasingly demanding products made from renewable
and sustainable resources that have one or more of the
following beneficial attributes: biodegradable, non-petro-
leum based, carbon neutral, and having low environmen-
tal, animal/human health and safety risks. The advantage
to having blades made from novel materials that are sus-
tainable or renewable is the beneficial impact to the en-
vironment, where instead of filling up landfills, these prod-
ucts are easily disposed due to their ability to break down

in the earth or their ability to be recycled.
[0007] Therefore, there is a need to produce a razor
blade cutting edge that is substantially renewable and
that is also suitable (e.g., sharp enough) to cut hair (e.g.,
a cutting-edge having a tip radius of less than 1 mm as
required for cutting hair).
[0008] A need exists for improved processes for cut-
ting-edge structures comprised of naturally derived pol-
ymers and more cost-effective methods of making cut-
ting-edge structures for shaving razors having required
tip radius, optimal edge quality and sharpness to provide
a comparable or improved shaving experience.
[0009] It is also desirable to find materials and proc-
esses that can form cutting-edge structures having any
shape, such as non-linear edges and/or provide an inte-
grated razor assembly.

SUMMARY OF THE INVENTION

[0010] The present invention provides a simple, effi-
cient method for manufacturing, including molding, one
or more cutting-edge structures, such as razor blades
from a renewable or sustainable material and a functional
cutting-edge structure such as a razor blade. Moreover,
some methods are suitable for producing a plurality of
such cutting-edge structures, or "blade boxes" compris-
ing a plurality of razor blades formed of this naturally de-
rive, renewable, or biodegradable cutting-edge structure
material to be disposed as a single unit in a razor car-
tridge.
[0011] In one aspect, the method for manufacturing at
least one cutting-edge structure includes providing the
steps of:

a. providing a base structure having a first and a
second portion;
b. providing one or more physical gels;
c. curing the one or more physical gels to form one
or more chemical gels;
d. inserting the one or more chemical gels into the
first portion of the base structure;
e. curing the one or more chemical gels one or more
times, forming a dried chemical gel;
f. contacting the dried chemical gel with the second
portion of the base structure;
g. forming the cutting-edge structure during the con-
tacting step.

[0012] The physical gel includes a naturally derived
material.
[0013] In another aspect, the physical gel includes one
or more naturally derived materials, renewable materials,
biodegradable materials, one or more solvents, at least
one polymeric material, or any combination thereof.
[0014] The one or more naturally derived materials in-
clude cellulose nanostructures. The cellulose nanostruc-
tures include cellulose nanocrystals. The one or more
solvents include an organic material. The organic mate-
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rial includes dimethylformamine. The cellulose nanos-
tructures include naturally derived materials.
[0015] In another aspect, the at least one polymeric
material includes one or more epoxides. Further, the step
of curing the one or more chemical gels includes evap-
oration of the one or more solvents; the step of contacting
the dried chemical gel with the second portion further
includes contacting the first portion of the base structure.
[0016] The step of contacting the dried chemical gel
includes a line contact at an interface of the first and
second portions of the base structure.
[0017] The curing steps include heat, light, or a com-
bination thereof. The light includes ultra-violet (UV) light.
The physical gel further includes one or more cross-link-
ers, one or more photo-initiators, or any combination
thereof. The one or more photo-initiator includes an ultra-
violet light curing photo-initiator. The heat includes a ther-
mal cross-linker comprising polyamine. The ultra-violet
light curing photo-initiator includes an epoxide.
[0018] In a further aspect, the step of curing the one
or more physical gels to form one or more chemical gels
includes repeating the step of providing one or more
physical gels and the step of curing the one or more phys-
ical gels to form one or more chemical gels.
[0019] In yet a further aspect, the step of curing the
one or more chemical gels includes curing at a temper-
ature up to about 50 degrees Celsius to about 100 de-
grees Celsius for a first duration and curing at a temper-
ature up to about 120 degrees Celsius to about 180 de-
grees Celsius for a second duration.
[0020] Still further, the method further includes the step
of releasing the cutting-edge structure from the base
structure and a step of inserting the cutting-edge struc-
ture into a razor cartridge, a blade box, a frame, or any
combination thereof.
[0021] In a still further aspect, the formed cutting-edge
structure includes a circular or linear shape and a brown
color. Still another aspect, the cellular nanocrystals are
aligned vertically, horizontally, or in a mixed manner with-
in the cutting-edge structure.
[0022] In another embodiment of the present invention,
a cutting-edge structure includes one or more naturally
derived materials. The cutting-edge structure may also
include one or more solvents, one or more renewable
materials, one or more biodegradable materials, one or
more polymeric materials, or any combinations thereof.
[0023] The one or more naturally derived materials in-
clude cellulose nanostructures, wherein the cellulose na-
nostructures are cellulose nanocrystals. The one or more
solvents include an organic material. The organic mate-
rial includes dimethylformamine. The at least one poly-
meric material includes one or more epoxides.
[0024] In another aspect, the cutting-edge structure in-
cludes a brown color, and a shape that is circular, linear,
or any combination thereof. In still other aspects, 100%
of the cutting-edge structure is comprised of the one or
more naturally derived materials by volume fraction,
100% of the cutting-edge structure is comprised of one

or more renewable sources by volume fraction, about
50% to about 100% of the cutting-edge structure is com-
prised of naturally derived materials by volume fraction,
about 50% to about 100% of the cutting-edge structure
is comprised of renewable materials by volume fraction,
or about 50% to about 100% of the one or more naturally
derived materials by volume fraction.
[0025] In another embodiment, the one or more natu-
rally derived materials include a majority of the cutting-
edge structure by volume fraction. The cutting-edge
structure includes a tip radius of less than about 1um.
The cutting-edge structure is biodegradable.
[0026] In a third embodiment of the present invention,
an apparatus for manufacturing at least one cutting-edge
structure comprises a first portion and a second portion
and one or more naturally derived materials. In one as-
pect, one of the portions includes a cylindrical shape.
[0027] The first portion is a plunger structure and the
second portion is a cavity structure. The plunger structure
further includes a plunger element and a plunger body.
The plunger structure further includes a relief portion
wherein the relief portion is disposed between the plung-
er body and the plunger element. The relief portion en-
ables a point or line contact between a plunger structure
and a cavity structure to mold the naturally derived ma-
terial into a cutting-edge structure. The plunger structure
further includes an angled surface. At least a portion of
the plunger structure includes a cylindrical shape.
[0028] In a further aspect, the plunger structure com-
prises one or more lubricious materials, one or more plas-
tic materials, one or more metals, or any combinations
thereof. The lubricious material includes Teflon.
[0029] Still further, the cavity structure includes an ap-
erture. The aperture extends
through the cavity structure. The cavity includes a circular
shape. The cavity structure includes angled surfaces.
The first portion, the second portion, or both the first por-
tion and second portion include one or more lubricious
materials, one or more plastic materials, one or more
metals, or any combinations thereof. The lubricious ma-
terial of the cavity structure includes Teflon.
[0030] The present invention step of curing includes
cross-linking or polymerization and the curing step is me-
diated via heat, light, such as UV light, or a combination
thereof
[0031] In still yet another aspect of the invention, the
at least one cutting-edge structure formed using the
method herein is a razor blade or a portion of a blade
box and the razor blade or the blade box is secured into
a razor cartridge housing or frame. The blade box may
be comprised of different types of cutting-edge struc-
tures.
[0032] Another embodiment of the present invention
includes a blade box comprising at least one cutting-edge
structure, at least one non-cutting-edge structure cou-
pled to said at least one cutting-edge structure, both the
cutting and non-cutting-edge structures comprised of a
renewable material such as a cellulose nanostructure
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material.
[0033] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages of the invention will be apparent from the de-
scription and drawings, and from the claims.

DETAILED DESCRIPTION OF THE DRAWINGS

[0034]

FIG. 1 depicts a desired sustainable cutting-edge
material of the present invention, namely a cellulose
nanostructure.
FIG. 2A, 2B, and 2C depicts the chemical and phys-
ical structure of the cellulose nanostructure of the
present invention.
FIGs. 3A, 3B, and 3C depict exemplary illustrations
of microstructural arrangements of cellulose nanoc-
rystals in razor blade embodiments of the present
invention.
FIG. 4 depicts a schematic view of portions of a base
structure of the present invention.
FIG. 5 depicts a schematic view of the portions of
the base structure in contact with each other and the
cutting-edge material of the present invention.
FIG. 5A depicts a photographic image of the portions
of the base structure of the present invention.
FIG. 6 depicts an illustration of a razor blade cutting-
edge structure of the present invention formed using
the base structure of FIGs. 4 and 5.
FIG. 7 depicts a photographic image of a portion of
the base structure and the cutting-edge structure
formed in the present invention.
FIG. 8 is a micrograph of a portion of a cutting-edge
structure having a loop shape formed of cellulose
nanostructure material according to the present in-
vention.
FIGs. 9A and 9B depict illustrations of another em-
bodiment of a base structure of the present invention
for forming linear shaped cutting-edge structures.
FIG. 9C depicts an illustration of yet another embod-
iment of a base structure of the present invention for
forming linear shaped cutting-edge structures.
FIG. 9D depicts an illustration of a linear shaped cut-
ting-edge structure of the present invention.
FIG. 10 depicts a razor blade cartridge comprising
linear shaped cutting-edge structures of the present
invention.
FIG. 10A depicts a razor blade cartridge comprising
circular shaped cutting-edge structures of the
present invention.
FIG. 11 depicts an embodiment of the cutting-edge
material of the present invention comprising cellu-
lose nanostructures, epoxide, and solvent.
FIGs. 12A and 12B are flow diagrams of methods of
manufacturing razor blades from the novel cutting-
edge material, according to a preferred embodiment

of the present invention.
FIGs. 13A to 13C depict schematic diagrams of an
alternate base structure of the present invention.
FIG. 14 depicts multiple cutting-edge structures
formed as a group in accordance with the present
invention.
FIGs. 14A and 14B depict coatings deposited on cut-
ting-edge structures in accordance with the present
invention.
FIG. 15 depicts multiple cutting-edge structures
formed as a group inserted into a razor cartridge in
accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The present invention provides for cutting-edge
structures (e.g., razor blades which may be used in shav-
ing devices or razors) and methods for manufacturing
cutting-edges or razor blades for shaving devices com-
prising naturally derived materials comprising nanostruc-
tures.
[0036] The cutting-edge structures of the present in-
vention are substantially formed from naturally derived,
renewable, or biodegradable materials.
[0037] As used herein, "renewable" is a term that gen-
erally signifies a renewable resource is one which can
be replaced naturally in a relatively short time or replen-
ished with time, like the growth of new organisms or the
natural recycling of materials. Literally the term means
’to make new again. Renewable resources do not have
a fixed quantity - more can always be generated. For
instance, wood from managed softwood forests is renew-
able, because these trees can be regrown in a few years.
[0038] The term "substantially" as used herein signifies
to a great or significant extent.
[0039] The term "sustainable" as used herein, signifies
of, relating to, or being a method of harvesting or using
a resource so that the resource is not depleted or per-
manently damaged.
[0040] If the rate of use of a source exceeds the rate
of renewal (e.g., the source is used more than it is being
recreated), its continued use will become unsustainable.
[0041] The term "biodegradable," as used herein, sig-
nifies that a substance or object is capable of being de-
composed by bacteria or other living organisms. Biode-
gradable substances include food scraps, cotton, wool,
wood, human and animal waste, manufactured products
based on natural materials (such as paper, and vegeta-
ble-oil based soaps).
[0042] The term "naturally derived," as used herein,
indicates that some or all ingredients are derived from
nature that have been used to create a product, the latter
in and of itself not originally occurring or formed in nature.
[0043] The materials of the present invention prefera-
bly comprise nanostructures. Cellulose nanocrystals are
an example of a naturally derived, widely available, bio-
degradable nanostructure with optimal mechanical prop-
erties. Other nanostructures contemplated in the present
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invention include but are not limited to, carbon nano-
tubes, graphene oxide, or ceramic based materials,
which are generally not considered naturally derived ma-
terials.
[0044] In a preferred embodiment of the present inven-
tion, the razor blade is formed from cellulose, cellulose-
based particles and cellulose-based composites.
[0045] As used herein, "cellulose nanocrystals" or
"CNC" signify nanomaterials derived from a cellulose.
Cellulose nanocrystals, primarily obtained from naturally
occurring cellulose fibers, are biodegradable and renew-
able in nature. For instance, cellulose material can readily
be extracted from wood, hemp, cotton, linen, and other
sources. The term "cellulose nanostructure" as used
herein may include but is not limited cellulose nanocrystal
materials. As shown in FIG. 1, cellulose nanostructure
of the present invention can be extracted from trees.
[0046] Accordingly, they serve as a renewable, sus-
tainable and/or environmentally friendly material in the
present invention as razor blades are generally disposed
of after one or several uses.
[0047] The nanostructures of the present invention,
such as cellulose nanocrystals or CNCs, have significant
advantageous properties including mechanical and
chemical properties. For instance, in some instances, it
has been determined that individual cellulose nanocrys-
tals (CNCs) have a Young’s modulus of 150GPa. With
diameters and lengths on the order of 10nm and 100nm
respectively, the materials of the present invention pro-
duce nanocomposites with nanoscale features such as
a razor blade cutting-edge structure. In contrast, the ma-
terials of the prior art such as conventional micron-scale
fillers and metal powders, cannot produce features with
nanoscale dimensions having optimal mechanical and
chemical attributes.
[0048] Aspects of a cellulose nanostructure 20 of the
present invention are shown in FIG. 2. The chemical
structure of a cellulose chain 22 is depicted in FIG. 2(a)
having a pyranose ring with bonds. A cellulose microfibril
24 is depicted in FIG. 2(b) having disordered regions 24a
and crystalline regions 24b. Cellulose nanocrystals 26
are depicted in FIG. 2(c). Cellulose nanocrystals are gen-
erally long, thin and slightly oval shaped. This general
shape is conducive to fabricating razor blade cutting edg-
es as they can substantially fill in the area underneath
wedge shaped tip.
[0049] Exemplary illustrations of a razor blade or
formed cutting-edge structure comprised of filled in cel-
lulose nanostructures of the present invention is shown
in FIG. 3A, 3B, and 3C. In any of these embodiments, an
electric of magnetic field can be applied in the process
of manufacturing or molding cutting-edge structure or
near the tip of the cutting-edge structure so as to cause
the nanostructures (e.g., cellulose nanocrystals or
CNCs) to become concentrated at the tip or near the
interface of the gel and base structure of the present in-
vention.
[0050] As can be seen in FIG. 3A, a razor blade cutting

edge 30a of the present invention has cellulose nanos-
tructures 32 vertically arranged within the razor blade
cutting-edge structure. Cellulose nanostructures 32 pro-
vide a robust cutting edge in that the vertical arrangement
of the nanostructure provides shaving advantages as the
nanostructures are aligned along the direction of the
shave and substantially parallel to the body 33 of the
blade 30a.
[0051] In FIG. 3B, a razor blade 30b of the present
invention has cellulose nanostructures 34 horizontally ar-
ranged within the razor blade cutting-edge structure. Cel-
lulose nanostructures 34 provide a very sharp cutting
edge in that the horizontal arrangement provides a highly
filled area of nanostructures at the tip such that the tip is
resistant to damage from shaving. In FIG. 3C, a razor
blade 30c of the present invention has cellulose nanos-
tructures 36 in a mixed or matrixed manner, some verti-
cally aligned, some horizontally aligned, and some an-
gled and oriented in various directions within the razor
blade cutting-edge structure. Cellulose nanostructures
36 provides a very sharp and robust cutting edge in that
the mixed arrangement of nanostructures provides sta-
bility at the tip.
[0052] The cutting-edge structures of the present in-
vention may also be comprised of other nanostructures
and polymers.
[0053] As used herein, a polymeric material signifies
a material that is formed of a polymer, the latter being a
large, chain-like molecule made up of monomers, which
are small molecules. Generally, a polymer can be natu-
rally occurring or synthetic. In the present invention, pre-
ferred embodiments comprise naturally occurring or
semi-synthetic polymers as opposed to synthetic poly-
mers.
[0054] The polymer materials of the present invention
generally can occur in two forms or states. The first state
may be a soft or fluid state and the second state may be
a hard or solid state. Generally, polymers are molded or
extruded when in the first state (e.g., liquid or soft) and
subsequently formed into an object that is in a second
state (e.g., hard or solid). In some instances, the material
is reversible (e.g., a material in the second state can be
converted back to its first state) while in others, the po-
lymerization is irreversible (e.g., the material cannot be
converted back to its first state).
[0055] For those polymeric materials where the sec-
ond state is obtained from the first state via irreversible
polymerization, the first state of the polymeric material
may generally be thought of as being a "precursor" for
the second state of the polymeric material. As such, in
the present invention, a polymeric material may be gen-
erated from a precursor material or a material in a first
state.
[0056] The materials that are generally desired for the
present invention cutting-edge structures are materials
in the first, soft or liquid, states which comprise monomers
or short chain length (e.g., low molecular weight) poly-
mers known as oligomers or both. Both monomers and
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oligomers are referred to herein as "precursors." These
precursors are converted into long chain length polymeric
material in the second, solid state through a polymeriza-
tion or cross-linking process, herein referred to as a cur-
ing process. Curing the precursor material can generally
be achieved under the influence of heat, light, ionic or
high energy radiation, or any combination thereof. After
curing, the solid material comprises multiple components
including polymer.
[0057] The novel cutting-edge material of the present
invention is comprised of several components. A first
component is a naturally derived, renewable, or biode-
gradable material such as cellulose as described above.
Preferably cellulose nanocrystals (CNCs) are utilized
due to their desirable mechanical and chemical proper-
ties. An example of a preferred type of cellulose nanoc-
rystal that can be utilized in the present invention is shown
in FIG. 2A-2C.
[0058] A second component of the novel cutting-edge
material of the present invention comprises a solvent.
The solvent is preferably an organic solvent. Desirably,
the solvent comprises components which are capable of
dissolving polymers. In a preferred embodiment, the sol-
vent comprises dimethylformamide. Dimethylformamide
is an organic compound with the formula (CH3)2NC(O)H.
The solvent, while present initially, will be removed and
evaporated from the material to form a fully solid com-
posite as will be described herein.
[0059] A third component of the novel cutting-edge ma-
terial comprises one or more polymeric materials. The
polymeric materials may comprise from about 10 percent
to about 50 percent by weight of the composite of the
cutting-edge material. The polymeric materials can be of
any type including but not limited to, natural, synthetic or
semi-synthetic polymers. In a preferred embodiment of
the present invention, the polymeric component of the
material of the present invention comprises epoxide.
Some epoxides of the present invention can be obtained
from naturally derived, renewable, or biodegradable
sources.
[0060] An exemplary embodiment of the cutting-edge
material used in the process of making a cutting-edge
structure of the present invention is depicted and de-
scribed in conjunction with FIGs. 11 and 12.
[0061] The present invention contemplates that all
(e.g., 100%) or substantially all, of the novel cutting-edge
material is obtained from a naturally derived, renewable,
or biodegradable source by volume fraction.
[0062] The present invention contemplates that at
least about 50 percent to about 100 percent of the novel
cutting-edge material is obtained from a naturally de-
rived, renewable, or biodegradable source by volume
fraction.
[0063] Desirably, about 90% of the cutting-edge struc-
ture is formed of a material that is obtained from a natu-
rally derived, renewable, or biodegradable source by vol-
ume fraction.
[0064] In contrast, the prior art discloses low-volume

fraction (e.g., less than about 50%) fillers in a matrix that
are substantially obtained from non-naturally derived or
non-renewable sources. A disadvantage of the prior art
is that, due to kinetic arrest of nanoparticle suspensions,
most conventional nanocomposites are restricted to pol-
ymer-reinforcement applications with these low volume
fraction of nanoparticles. Larger nanoparticle-to-polymer
ratios require addition of solvent to allow dispersion and
processing, but present the challenge of large volumetric
shrinkage associated with solvent evaporation.
[0065] The present invention comprises a formulation
that allows nanoparticle-to-polymer ratios between about
50% to about 90%. As will be described herein, the
present invention comprises a dual cure (e.g., UV and
thermal) process which manages the solvent evapora-
tion and shrinkage, enabling net-shape forming including
sharp objects such as cutting-edge structures.

MOLD APPARATUS

[0066] The present invention comprises a base struc-
ture which is used to form the novel cutting-edge struc-
tures of the present invention using the cutting-edge ma-
terial described herein.
[0067] FIG. 4 depicts a cross-sectional view of base
structure 40 used in the present invention. The base
structure 40 in the present invention is utilized as a mold
apparatus to form (or mold) a cutting-edge structure suit-
able for use in making a razor, razor blade or razor car-
tridge.
[0068] In one embodiment, a base structure 40, as
shown in FIG. 4, comprises two parts, an upper portion
41 and a lower portion 42. In an alternate embodiment
of the present invention (not shown), base structure 40
may be a single movable part or an integral part which
cannot generally be split into further parts. However, as
the contact between the upper and lower portion is a
significant aspect of the present invention as will be de-
scribed below, it may generally be more feasible to utilize
a two part base structure.
[0069] The upper and lower portions 41 and 42 can be
of any size, shape and dimension. In a preferred embod-
iment of the present invention shown in FIG. 4, the upper
portion 41 comprises a plunger structure and the lower
portion 42 comprises a cavity structure which the plunger
structure of the upper portion mates with.
[0070] The plunger structure of the present invention
can be comprised of any material, including, but not lim-
ited to, one or more lubricious materials, one or more
plastic materials, one or more metals, low-coefficient of
thermal expansion alloys such as Invar, metals coated
with a polymer, such as PTFE, (e.g., often referred to as
Teflon), or polypropylene or silicones, or any combina-
tions thereof. In a preferable embodiment of the present
invention, the plunger structure is preferably comprised
of Teflon, or a Teflon-based, lubricious material. In an
alternate preferred embodiment of the present invention,
the plunger structure may also be comprised of a metal
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which is coated with a lubricious material, such as Teflon
or a Teflon-based material. It is desirable that the entirety
or at least a portion of the plunger structure of the base
structure comprises a lubricious surface (e.g., Teflon
coated) for the mold apparatus to perform optimally and
in particular for a release or separation of the plunger
structure from the cavity structure during the process.
[0071] The plunger structure of the present invention
preferably has a generally cylindrical shape including a
main body 41a and a plunger element 41b. The plunger
structure 41 also desirably includes one or more angled
surfaces 41c and one or more relief portions 41d prefer-
ably disposed between the main body 41a and the plung-
er element 41b.
[0072] The angles 41c’ of the one or more angled sur-
faces 41c of the plunger structure can range from about
15 degrees to about 60 degrees, and more preferably,
angle 41c’ is about 21.5 degrees.
[0073] The relief portion 41d is shaped and sized suf-
ficient to ensure a line contact at the interface 46 between
the plunger structure 41 and the cavity structure 42. Gen-
erally, as shown in FIG. 4, the relief portion 41d comprises
an intermediate neck-like structure between the plunger
body and the plunger element, having smaller dimen-
sions than either the plunger body or the plunger element.
The plunger element 41b of the present invention may
desirably have smaller dimensions than the plunger body
but larger dimensions than the relief portion.
[0074] The plunger structure of the present invention
preferably has any feasible dimensions to perform the
manufacturing process of the present invention taking
into account the dimensions of the desired cutting-edge
structure (e.g., inner diameter of the cutting-edge struc-
ture), the setup of the base structure, and materials used
for the plunger structure. The plunger structure can have
any height. The height of a plunger structure in one em-
bodiment of the present invention is about 50 mm. The
plunger structure of the present invention may be hollow
or solid. The plunger structure coupled to the cavity struc-
ture of the present invention is capable of providing an
cutting-edge structure having a circular shape having a
diameter of about 10mm diameter or less, preferably
about 3mm, and desirably not more than about 0.5mm.
[0075] The cavity structure of the present invention can
be comprised of any material, including but not limited
to, one or more plastic materials, one or more metals,
one or more lubricious materials, or any combinations
thereof. Other materials are also contemplated in the
present invention including but not limited to, cermets
which are generally a ceramic-metal composite (e.g.,
Tungsten Carbide/Cobalt). Such materials can also be
coated with a lubriocious release agent like Teflon or sil-
icones. In a preferable embodiment of the present inven-
tion, the cavity structure 42 is comprised of a metal ma-
terial, desirably a material with a low coefficient of thermal
expansion, such as aluminum, steel, or Invar material.
In an alternate embodiment of the present invention, the
cavity structure 42 may be comprised of a combination

of materials. For instance, the cavity structure may be
comprised of a metal material which includes a plastic
material or a metal material which is coated with a plastic
or lubricious material, such as a polypropylene or Teflon
material, respectively.
[0076] The cavity structure of the present invention is
desirably a rigid or semi-rigid structure so as to accom-
modate the force that will be applied from the upper por-
tion 41 (e.g., the plunger structure), as will be described
in more detail below.
[0077] The shape of the cavity structure of the present
invention can be any shape including but not limited to a
frustum shape such as a conical frustum, a trapezoidal
frustum or a pyramidal frustum or a cylindrical or other
three-dimensional shape. A cavity structure 42 of the
present invention having a conical frustum shape is
shown in FIG. 4.
[0078] Regardless of overall shape, the cavity struc-
ture 42 of the present invention preferably includes an
aperture 44 extending from an upper surface or the top
area 42a of the cavity structure 42 into at least a portion
of, or all the way through, the internal area 42b of the
cavity structure 42. The shape of aperture 44 at the upper
surface of the cavity structure is preferably a circular or
round shape and as it extends into the cavity structure it
can comprise a cylindrical, spherical or any other feasible
shape. The present invention contemplates that the
shape of aperture 44 in the present invention is desirably
substantially similar to that of the plunger element 41b.
In this way, the plunger element 41b can be inserted into
the aperture 44 of the cavity structure as shown in FIG.
1 in accordance with the present invention. In addition,
the cavity walls 42c include one or more angled or slightly
chamfered surfaces 42c’ extending into the cavity struc-
ture to provide for ease in accommodating and mating
with the plunger structure.
[0079] Between the mating surfaces or interface 46 of
each portion 41 and 42 is where a cutting-edge structure
47 of the novel cutting-edge material is formed. In order
for the cutting-edge structure 47 to be formed, both upper
and lower portions, or the plunger structure and cavity
structure, respectively, along with the novel cutting-edge
material, have to be present in the base structure 40 and
in contact as shown in FIG. 5. The plunger structure is
forcefully inserted into the cavity structure. In doing so,
there is a line contact 48 that is formed at the interface
46 between the plunger structure and the cavity structure.
This line contact 48 is an important aspect of the present
invention as the line contact formed at the interface 46
serves to form the sharp tip and edge of the cutting-edge
structure 47.
[0080] It should be noted that preferably, at least one
of portions of the base structure comprises a cylindrical
three-dimensional shape to allow for this line contact 48
to be formed. In the present invention, the plunger struc-
ture is preferably formed as a generally cylindrical shape
and the cavity structure has a conical frustum or trape-
zoidal shape.
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[0081] Exemplary embodiments of discrete compo-
nents of the base structure, the plunger structure 41 and
the cavity structure 42 of the present inventon are shown
separately in the photographic image in FIG. 5A.
[0082] With the pressure from the plunger structure at
the aperture 44, a cutting-edge material is pressed, em-
bossed or shaped into a sharp edge. Though any shape
is contemplated in the present invention, the cutting-edge
structure 47 formed with the base structure 40 having a
circular aperture comprises a ring or loop shape. An al-
ternate preferred embodiment showing a base structure
forming a linear cutting-edge structure is described and
shown in FIG. 8.
[0083] FIG. 6 depicts an illustration of a razor blade
cutting edge structure 60 of the present invention and its
cutting-edge structure 47 formed utilizing the base struc-
ture 40 of FIGs. 4 and 5.
[0084] In FIG. 7, a photographic image 70 depicts an
actual separated mold base structure with the removal
of the cavity structure showing only the formed cutting-
edge structure 47 disposed along angled surfaces 41c
of the plunger structure 41. The ring or loop shape of the
cutting-edge structure 47 is formed. As can be seen in
the photographic image 70 in FIG. 7, the cutting-edge
structure 47 also comprises a dark brown color. This color
is chemically generated, but other colors may be gener-
ated in the process of the present invention.
[0085] FIG. 8 depicts a micrograph 80 of a portion of
the cutting-edge structure 47 produced with the base
structure 40 of the present invention utilizing the novel
cutting-edge material comprising cellulose nanostruc-
tures of the present invention.
[0086] As described above, a cutting-edge structure
47 having a loop shape is formed at a line contact 48
formed at the interface 46 of portions 41 and 42.
[0087] The present invention also contemplates form-
ing linear cutting-edge structures. To form linear cutting-
edge structures, rather than a loop or ring cutting-edge
structure, the base structure 90 of the present invention
may comprise an upper portion 91 having a cylindrical
or rod shape while one or more lower portions 92 com-
prise a cavity structure of any shape, preferably having
a trapezoidal prism shape as shown in the front and per-
spective views of FIGs. 9A and 9B, respectively. Cavity
structures 92 also comprise one or more angled surfaces
93. Angle surfaces 93 comprise angles ranging from
about 15 degrees to about 60 degrees, and more pref-
erably ranging from about 20 degrees to about 40 de-
grees. These angled surfaces 93 of the cavity structure
92 accommodate the cylindrical rod upper portion 91 as
well as the novel cutting-edge material, as shown.
[0088] Cavity structure 92 and base structure 90 will
together form two line contacts 98 (e.g., one on each
side) at the interface of their respective surfaces when
contacting each other. Thus, in this embodiment, two cut-
ting-edge structures 94a and 94b (e.g., shown in FIG.
9A), can be formed at this line contact 98, each having
a linear shape or a substantially linear shape, and each

being formed substantially at the same time. This ar-
rangement may be a time and cost-effective solution as
it produces more than one cutting-edge structure at one
time. However, as shown in FIG. 9C, an alternate em-
bodiment of a base structure 90c of the present invention
having an upper portion 91c having a cylindrical or rod
shape and lower portion 92c comprise a cavity structure
of any shape, preferably having a trapezoidal prism
shape, which may be two-sided, is also contemplated.
Cavity structure 92c and base structure 90c will form a
line contact 98c at the interface of their respective sur-
faces contacting each other. Thus, in this embodiment,
one cutting-edge structure razor blade 94c can be formed
at line contact 98c.
[0089] In FIGs. 9A-9C, the weight of the upper portion
91a, 91b, or 91c (e.g, cylindrical rod shape) may provide
the force that is needed to form the line contact for the
linear cutting-edge structures 94, 94b, and 94c. The rod
may be pre-loaded by gravity or be loaded using a press,
driven mechanically (e.g., with a spring), or hydraulically.
In this way, the rod may be capable of self-aligning due
to the nature of the design.
[0090] To form the cutting-edge structure 47, the cavity
structure is filled with the novel material of the present
invention. The processing of the material will be de-
scribed in conjunction with the flow diagram shown in
FIGs. 12A and 12B.
[0091] FIG. 9D depicts a linear shaped cutting-edge
structure 94d of the present invention which is suitable
for use with a razor cartridge or blade unit.
[0092] A razor cartridge 100 having one or more cut-
ting-edge structures or razor blades 102 made of cellu-
lose nanostructure (e.g., nanocrystal) materials 104 of
the present invention can be assembled as shown in FIG.
10. Cutting edge structures 102 depicted in FIG. 10 are
preferably of the linear type as described herein. Razor
cartridge 100 is similar to razor cartridges that are com-
mercially available utilizing steel blades and with plastic
housing and frame components 106.
[0093] A razor cartridge 105 having one or more cut-
ting-edge structures or razor blades 139 made of cellu-
lose nanostructure (e.g., nanocrystal) materials 110 of
the present invention can be assembled as shown in FIG.
10A. Cutting edge structures 139 depicted in FIG. 10A
are preferably of the circular shape as described herein.
Razor cartridge 105 is similar to razor cartridges that are
commercially available utilizing steel blades and with
plastic housing and frame components 108.

PROCESS OF MAKING RAZOR BLADE OUT OF NOV-
EL MATERIAL

[0094] Referring to FIG. 11, and as described above,
the novel cutting-edge material 110 of the present inven-
tion comprises several components. In a preferred em-
bodiment, the cutting-edge material 110 comprises cel-
lulose nanostructures 112, one or more oligomers or pol-
ymers 114, such as an epoxide, and a solvent 116, pref-
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erably an organic solvent, and more preferably dimeth-
ylformamide.
[0095] Desirably, about 90 percent or greater of the
material 110 is renewable or sustainable. The cellulose
nanostructures 112 generally may represent substantial-
ly all of the sustainable or renewable portion of the ma-
terial 110. The cellulose nanostructures 112 and the sol-
vent 116 together may represent all or substantially all
of the sustainable or renewable portion of the material
110. The cellulose nanostructures 112 and the solvent
116 together may account for about 60 percent to about
90 percent of the sustainable or renewable portion of the
material 110.
[0096] The material 111 may also comprise cross-link-
ers 115, thermal or ultra-violet (UV) cross-linkers 114, or
any combination thereof. The cross-linkers serve to form
covalent bonds between the cellulose nanostructure ma-
terial and the polymer, as well as within the polymer.
[0097] The material 111 may also include at least one
photoinitiator comprising an ultra-violet light curing pho-
toinitiator, a cationic photoiniatior, a free radical photoin-
itiator, a thermal photoiniator, or any combination thereof.
The thermal photoinitiator desirably comprises
polyamine. The cationic photoinitiator preferably com-
prises an epoxide.
[0098] The cutting-edge material 111 of the present
invention is desirably in a first state in the form of a phys-
ical gel.
[0099] Turning now to FIGs. 12A and 12B, a flow dia-
gram 120 is shown outlining a more detailed description
of the processing of the novel cutting-edge material 110
of the present invention to form a cutting-edge structure.
The cutting-edge material 110 will transform from its first
state as a physical gel to a final state, that of a rigid, solid
and sharp cutting-edge structure, such as the exemplary
structures described herein.
[0100] At step 121, a layer of a physical gel of the cut-
ting-edge material of the present invention is deposited
in a lower portion or cavity structure 122. The gel is de-
sirably deposited into an aperture 122b of the cavity struc-
ture 122. The aperture 122b may extend throughout the
structure 122 in that the structure is open at both ends
with a larger mouth at the top area 122c of the cavity
structure than at a bottom area 122d of the cavity struc-
ture 122. Aperture 122b is shown having a generally cir-
cular shape though any shape is contemplated in the
present invention.
[0101] At step 123, the physical gel is cured. Prefera-
bly, the curing that occurs is an ultra-violet curing for a
duration of one or more seconds to several minutes, as
disclosed in co-pending U.S. Docket Number
101328-562, U.S. Application Serial Number__filed on
the same date December 12, 2019 as the present appli-
cation, and U.S. Application Serial Number 62/780,187
filed on December 14, 2018, entitled "Systems, Devices,
and Methods for Bulk Processing of Highly-Loaded Na-
nocomposites," incorporated herein in its entirety, includ-
ing specification and drawings.

[0102] After curing the physical gel 110, a chemical gel
124 is formed at step 125 within the cavity structure.
Steps 121 and 123, of depositing an amount (e.g., a layer)
of physical gel and curing it to form a chemical gel, can
be repeated at step 126 as many times as necessary to
fill the cavity structure with the desired amount of chem-
ical gel to obtain the final structure. Desirably, the final
structure has little to substantially no volatile components
in part due to evaporation of any volatile material resulting
in convective flows once the plunger is inserted into the
cavity structure thereby forming the chemical gel.
[0103] The chemical gel 124 of the present invention
is comprised of cellulose nanocrystals, and polymer that
are partially covalently bonded. The chemical gel also
comprises solvent. The chemical gel 124 is considered
a viscoelastic solid structure. This structure is desirable
in the present invention because it is capable of being
molded into one or more shapes.
[0104] At step 127, the solvent within the chemical gel
is evaporated by drying the chemical gel at room tem-
perature in air or in vacuum. As a result, a dried chemical
gel 128 is formed. This process step is desirable (e.g.,
to remove the solvent by evaporation) as it was deter-
mined in a novel aspect of the present invention process
that removal of the solvent minimizes microscale phase
separation and volumetric shrinkage in the next step of
cure.
[0105] At step 129, the plunger structure 130 is insert-
ed, desirably at room temperature, into the aperture 122b
of the cavity structure and contacts the dried chemical
gel 128. The plunger structure 130 is press fit or em-
bossed into the cavity structure 122 and plunger element
130a at the front of the plunger structure is shaped to
assist in wedging the plunger structure 130 into the ap-
erture 122b while abutting the angled surfaces 122a of
the cavity structure 122.
[0106] A line contact 131 is formed at the interface 132
between the plunger structure and the cavity structure at
step 133. The line contact may generally be at the surface
of the aperture of the cavity structure. As can be seen at
step 133 which depicts a front and perspective front view
of the base structure 134, a cutting-edge structure 135
has now been formed from the dried chemical gel 128.
[0107] The plunger structure 130 is inserted with suf-
ficient force to form or mold the dried chemical gel into
the sharp shape of a cutting-edge structure having a loop
or ring shape of the present invention. Relief portion 130b
ensures that the dried chemical gel is embossed down
to a point assisting in obtaining the cutting-edge structure
with a desired tip radius (e.g., less than 1mm for optimal
shaving performance. In addition, any remaining dried
chemical gel 128 displaced by the plunger structure may
remain in the inner walls of the plunger or cavity structure
or may be displaced externally to the structures. Any re-
maining dried chemical gel 128 (not shown), not a part
of the cutting-edge structure, can be disposed of, recy-
cled, or optionally cured using the process herein as a
reference specimen.
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[0108] Depending on the design of the base or mold
structure, any cutting-edge structure shape can be pro-
duced. The present invention contemplates that a loop
shaped cutting-edge structure, a linear cutting-edge
structure or any combination thereof, can be formed us-
ing the process described herein.
[0109] Subsequently, at step 136, the formed dried
chemical gel (now cutting-edge structure 135) is heated
from room temperature (e.g., 25 degrees Celsius) to
about 180 degrees Celsius to complete the curing and
completely harden the cutting-edge structure.
[0110] This heating step 136 may occur in several
steps of varying duration where the temperature is incre-
mentally increased. For instance, the temperature may
rise from room temperature to about 50 degrees Celsius
to about 100 degrees Celsius, preferably about 80 de-
grees Celsius, and in a subsequent step, from 80 degrees
Celsius to about 120 degrees Celsius. This dual stage
thermal cure can be performed at different durations. For
instance, as shown in FIG. 12, a first heating step 136
may occur at 80 degrees Celsius and may have a dura-
tion of about 8 hours while a second heating step 137
may occur at 130 degrees Celsius and may have a du-
ration of about 4 hours.
[0111] Optionally, steps 136 and 137 can be performed
in an autoclave at pressure greater than atmospheric
pressure to ensure further compaction of the material
135 forming the final cutting-edge structure 139.
[0112] The tip radius of the cutting-edge structure pro-
duced by the present invention process is desirably in
the range of less than about 1 micrometer. The hardness
of the cutting-edge structure formed, such may reach
greater than 100MPa, preferably greater than 500MPa
after curing.
[0113] Due to the nanoscale structure of the desired
cutting-edge, shrinkage is not desirable. Accordingly, the
avoidance of shrinkage and phase separation is an im-
portant consideration and is achieved by several process
steps described herein. For instance, step 123 (e.g., the
curing of the physical gel material to form a chemical gel
material), step 127 (e.g., vacuum/evaporation of solvent)
and steps 136 and 137 (final cure by heating) each or
together assist in providing a final structure with minimal
shrinkage and phase separation.
[0114] At step 138, the plunger structure and the cavity
structure can be separated to extract the molded cutting-
edge structure 139. As the two portions were joined or
contacted together by force, the base structure generally
has to be opened or split apart in order to remove the
cutting-edge structure 139.
[0115] The final cutting-edge structure 139 can be in-
serted into a razor cartridge for use in shaving. FIGs. 10
and 10A depict multiple final cutting-edge structures of
the linear type and the circular type, respectively inserted
into a razor cartridge 100 and 120.
[0116] After final cutting-edge structure 139 is formed
and prior to insertion into a razor cartridge, the final cut-
ting edge structure 139, which may be circular shaped

as shown in FIG. 12B or of any shape (e.g., linear shaped
as in FIG. 10), may be coated with one or more materials.
As shown in FIG. 14A, one or more hard coatings 174
can be applied on the cutting-edge structure 172 as
shown in the group 170 of multiple cutting edge struc-
tures. The hard coating provides additional strength to
structure or to provide a radius of curvature of the blade
edge between about 20 nanometers and about 100 na-
nometers after deposition of the hard coating. The hard
coating can comprise diamond, diamondlike carbon,
amorphous diamond, boron nitride, niobium nitride, sili-
con nitride, chromium nitride, zirconium nitride, titanium
nitride, silicon carbide, alumina, zirconia, or any combi-
nation thereof.
[0117] As shown in the group 180 of multiple cutting-
edge structures of FIG. 14B, one or more soft coatings
182 can also be deposited on a cutting-edge structure
172 on all or some portion of the hard coating 174 of FIG.
14A. The soft coating may be an outer layer on the cut-
ting-edge structure and is used to provide reduced friction
during shaving. The soft outer layer may be a polymer
composition or a modified polymer composition. The pol-
ymer composition may be polyfluorocarbon. A suitable
polyflourocarbon is polytetrafluoroethylene (PTFE),
sometimes referred to as a telomer. This material is a
nonflammable and stable dry lubricant that consists of
small particles that yield stable dispersions. It may gen-
erally be furnished as an aqueous dispersion of about
20% solids by weight and can be applied by dipping,
spraying, or brushing, and can thereafter be air dried or
melt coated. The final cutting-edge structure of the razor
blades of the present invention may be heated prior to
application of the soft coating/outer layer. In one embod-
iment, the cellulose nanocrystal-based razor blades are
heated to about 120 degrees Celsius before an aqueous
dispersion of PTFE is spray coated thereon. The soft
coating layer is preferably less than about 5,000 ang-
stroms and could typically be about 1,500 angstroms to
about 4,000 angstroms, and can be as thin as about 100
angstroms, provided that a continuous coating is main-
tained.
[0118] While the methods of manufacturing described
herein have been referred to with primary reference to a
single cutting-edge structure (e.g., razor blade), the
methods are easily applicable to the manufacture of mul-
tiple cutting-edge structures simultaneously.
[0119] Turning now to FIGs. 13A to 13C, an alternate
base structure 140 of the present invention is shown.
Depicted in FIGs. 13A to 13C is a base structure 140
having multiple plunger structures 142 and multiple cavity
structures 144. Base structure 140 includes an upper
main platform 141, on which an upper base portion 148
is disposed which carries the plunger structures 142. As
shown, the eight plunger structures are all contained
within upper base portion 148. Base structure 140 in-
cludes a lower main platform 143, on which a lower base
portion 147 is disposed which carries the eight cavity
structures 144. As shown, the eight cavity structures 144
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are all contained within lower base portion 147.
[0120] In FIGs. 13A to 13C, a base structure incorpo-
rates eight plunger structures 142 and eight cavity struc-
tures 144 which are utilized in accordance with the meth-
ods described herein. Manufacture of the plurality of cut-
ting-edge structures (e.g., razor blades) follows the proc-
ess of FIG. 12A and FIG. 12B but would necessarily in-
clude more cutting-edge material (not shown), filling each
of the eight individual cavity structures 144, and then
pressed into the cavity structure by the plunger structures
aligned above them. The pressing force occurs at the
same time (if more than one) or in sequence (if only one).
With this forceful insertion, the plunger structures sub-
stantially simultaneously emboss the cutting-edge mate-
rial which in turn, produces several sharp cutting-edges.
After such a "batch" manufacture of the plurality of cut-
ting-edge structures such as razor blades within the base
structure, the cutting-edge structures may be separated
as described above in conjunction with FIG. 12A and
FIG. 12B in preparation for further assembly into razor
cartridges. It should be noted that the size of the base
structure 140 can vary depending on the size of the cut-
ting-edge structures desired, and generally may be larger
than the base structure utilized for forming a single cutting
edge-structure as described in conjunction with FIG. 12A
and FIG. 12B.
[0121] Turning to FIG. 14, a plurality of razor blades
may be formed in groups 150, e.g., clustered together in
groups of multiple cutting-edge structures 151, within a
small frame 152. The frame 152 is a non-cutting-edge
structure while the razor blades are cutting-edge struc-
tures. The frame has a generally rectangular shape and
for ease in discussion are referred to herein as blade
boxes 154. The plurality of razor blades 150 can be man-
ufactured in this clustered organization to reduce down-
stream process steps in the shaving razor system as-
sembly. The blade boxes 150 may have four individual
razor blades 151, as illustrated, enclosed by a frame 152.
Blade boxes 154 can be manufactured identically or they
can be different, such as each box having differences in
blade spacing, included blade angles, number of blades,
orientation of the blades, and the like. The differences
can be made via changes to the various method steps
described above, such as utilizing different templates and
pressing in different orientations, and the like. A blade
box 154 can be removed from the base structure 140 or
any of the upper or lower portions in the same manner
as described above, but such that the self-contained
blade box 154 is a singular unitary part. In FIG. 15, a
blade box 154 of the present invention is inserted into an
opening 161 in the housing 162 of a razor cartridge 160
and secured therein or be formed into a razor cartridge
entirely at the outset (not shown).
[0122] Assembling the razor cartridge in such a man-
ner eliminates the somewhat time consuming or difficult
steps of affixing each individual razor blade to a blade
support or to a housing, inserting each blade support-
razor blade pair or each blade in the razor cartridge hous-

ing, and aligning each separate razor blade to the desired
blade height, angle, and spacing. By utilizing the method
described herein, the plurality of razor blades are aligned
and secured in the blade box, thereby eliminating the
need to affix individual blade supports and the difficult
process of aligning 4 or more separate razor blades into
the razor cartridge housing. While FIGs. 14 and 15 illus-
trate blade boxes 154 having 4 razor blades, it is to be
understood that any number of razor blades can be clus-
tered or formed together, such as 2, 4, 5, or more.
[0123] As mentioned, while the blades illustrated in the
figures thus far have described circular and linear cutting-
edge structures (e.g., razor blade edges), other blade
shapes and edge patterns can be produced by the meth-
ods described herein including a mixture of different cut-
ting-edge structure shapes formed within one "blade
box."
[0124] The dimensions and values disclosed herein
are not to be understood as being strictly limited to the
exact numerical values recited. Instead, unless other-
wise specified, each such dimension is intended to mean
both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension dis-
closed as "40 mm" is intended to mean "about 40 mm."
[0125] Every document cited herein, including any
cross referenced or related patent or application, is here-
by incorporated herein by reference in its entirety unless
expressly excluded or otherwise limited. The citation of
any document is not an admission that it is prior art with
respect to any invention disclosed or claimed herein or
that it alone, or in any combination with any other refer-
ence or references, teaches, suggests or discloses any
such invention. Further, to the extent that any meaning
or definition of a term in this document conflicts with any
meaning or definition of the same term in a document
incorporated by reference, the meaning or definition as-
signed to that term in this document shall govern.
[0126] The dimensions and values disclosed herein
are not to be understood as being strictly limited to the
exact numerical values recited. Instead, unless other-
wise specified, each such dimension is intended to mean
both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension dis-
closed as "40 mm" is intended to mean "about 40 mm."

Claims

1. A method of manufacturing a cutting-edge structure
(47, 94, 135, 139, 151, 172) comprising the steps of:

a. providing a base structure (40, 90, 134, 140)
having a first and a second portion (41, 42, 91,
92);
b. providing one or more physical gels (110);
c. curing said one or more physical gels (110)
to form one or more chemical gels (124, 128);
d. inserting said one or more chemical gels (124,
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128) into said first portion (41, 91) of said base
structure (40, 90);
e. curing said one or more chemical gels (124,
128) one or more times, forming a dried chem-
ical gel (128);
f. contacting said dried chemical gel (128) with
said second portion (42, 92) of said base struc-
ture (40, 90);
g. forming said cutting-edge structure (47, 94,
135, 139, 151, 172) during said contacting step.

2. The method of claim 1 wherein said physical gel
(110) comprises one or more naturally derived ma-
terials, renewable materials, biodegradable materi-
als, one or more solvents (116), at least one poly-
meric material, or any combination thereof.

3. The method of claims 1 or 2 wherein the one or more
naturally derived materials comprise cellulose na-
nostructures (20, 32, 34, 36, 104, 110, 112).

4. The method of claims 1 to 4 wherein said cellulose
nanostructures (20, 32, 34, 36, 104, 110, 112) com-
prise cellulose nanocrystals (26).

5. The method of any of the preceding claims wherein
said one or more solvents (116) comprise an organic
material.

6. The method of any of the preceding claims wherein
said organic material comprises epoformamine.

7. The method of any of the preceding claims wherein
said at least one polymeric material comprises one
or more epoxides.

8. The method of any of the preceding claims wherein
said step of curing said one or more chemical gels
(124, 128) comprises evaporation of said one or
more solvents (116) and wherein said step of curing
said one or more chemical gels (124, 128) comprises
curing at a temperature up to about 50 degrees Cel-
sius to about 100 degrees Celsius for a first duration
and curing at a temperature up to about 120 degrees
Celsius to about 180 degrees Celsius for a second
duration.

9. The method of any of the preceding claims wherein
said step of contacting said dried chemical gel (128)
with said second portion (42, 92) further comprises
contacting said first portion (41, 91) of said base
structure (40, 90).

10. The method of any of the preceding claims wherein
said step of contacting said dried chemical gel (128)
comprises a line contact (48, 98, 131) at an interface
(46) of said first and second portions (41, 42) of said
base structure (40).

11. The method of any of the preceding claims wherein
said curing steps comprise heat, light, or a combi-
nation thereof.

12. The method of any of the preceding claims wherein
said light comprises ultra-violet (UV) light.

13. The method of any of the preceding claims wherein
said physical gel (110) further comprises one or more
cross-linkers (115), one or more photo-initiators, or
any combination thereof.

14. The method of any of the preceding claims wherein
said at least one photo-initiator comprises an ultra-
violet light curing photo-initiator.

15. The method of any of the preceding claims wherein
said heat comprises a thermal cross-linker (114)
comprising polyamine.

16. The method of any of the preceding claims wherein
said ultra-violet light curing photo-initiator comprises
an epoxide.

17. The method of any of the preceding claims wherein
said step of curing said one or more physical gels
(110) to form one or more chemical gels (124, 128)
comprises repeating said step of providing one or
more physical gels (110) and said step of curing said
one or more physical gels (110) to form one or more
chemical gels (124, 128).

18. The method of any of the preceding claims further
comprising the steps of releasing said cutting-edge
structure (47, 94, 135, 139, 151, 172) from said base
structure (40, 90, 134, 140) and of inserting said cut-
ting-edge structure (47, 94, 135, 139, 151, 172 into
a razor cartridge (100, 105, 160), a blade box (150,
154), a frame (152), or any combination thereof.

19. The method of any of the preceding claims wherein
said formed cutting-edge structure (47, 94, 135, 139,
151, 172) comprises a circular or linear shape, a
brown color, or combination thereof.

20. The method of any of the preceding claims wherein
said cellular nanocrystals are aligned vertically, hor-
izontally, or in a mixed manner within said cutting-
edge structure (47, 94, 135, 139, 151, 172).
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